Background: Clonidine is a common adjunct to local anesthetics for pediatric neuraxial block; however, the pros and cons between clonidine and other adjuncts remain unclear. Thus, we performed this meta-analysis of randomized controlled trials to assess the efficacy and adverse effects between clonidine and other adjuncts added to local anesthetics.
Background: Clonidine is a common adjunct to local anesthetics for pediatric neuraxial block; however, the pros and cons between clonidine and other adjuncts remain unclear. Thus, we performed this meta-analysis of randomized controlled trials to assess the efficacy and adverse effects between clonidine and other adjuncts added to local anesthetics.
Materials and methods:
The systematic search, data extraction, critical appraisal, and pooled analysis were performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. Randomized controlled studies were searched in Cochrane (to present), Medline (1946 to present), Embase (1974 to present), and Biosis (1995 to present). Relative risks (RRs), standard mean difference (SMD), and associated CIs were calculated using RevMan statistical software to assess continuous and dichotomous data. Heterogeneity in studies was measured by forest plots and I 2 values. Subgroup analysis was performed for continuous and dichotomous variables, while meta-regression was applied for continuous data with high I 2 values. Results: A total of 15 randomized controlled studies met the inclusion criteria. There was a longer duration of postoperative analgesia in the clonidine group than for other adjuncts (SMD=1.54, p=0.005, I
2 =96%). The number of patients requiring rescue analgesia was lower in the clonidine group without the addition of epinephrine (RR=0.55, p=0.0002, I
2 =0), while the RR for the comparison with epinephrine was significant (p=0.62, I 2 =95%). The duration of motor block was longer in the clonidine group (mean difference [MD]=1.06, p<0.00001, I 2 =0). The clonidine group also had a lower incidence of postoperative nausea and vomiting (PONV; RR=0.49, p<0.00001, I
Introduction
As the cornerstone of postoperative analgesia in pediatric patients, regional anesthesia, especially single-dose neuraxial block anesthesia, has been widely used in young children as well as high-risk ex-premature infants and neonates.
1,2 However, with a relatively short duration of 4-6 h of postoperative analgesia with local anesthetics (LAs), the most severe pain in the first 24-72 h can hardly be covered. Thus, adjuncts such as clonidine, ketamine, morphine, and dexmedetomidine have been used in combination with LAs to prolong the duration of postoperative analgesia.
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Clonidine, an α-2 agonist, applied from systemic to regional anesthesia, is a common additive to LAs in pediatric neuraxial block. To the best of our knowledge, although the efficacy and safety of clonidine compared with LAs alone have been demonstrated in several meta-analyses, [3] [4] [5] new adjuncts such as neostigmine, dexmedetomidine, and midazolam have not yet been compared with clonidine. Thus, the aim of this review was to assess and compare the efficacy and safety between clonidine and other adjuncts to LAs in neuraxial block in pediatric surgeries.
Materials and methods
This meta-analysis was performed according to the criteria of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.
Search strategy
Two authors (YY and LYY) independently performed systematic research according to the current recommendations of the Cochrane collaboration: central register of controlled trials of the Cochrane library (to present), Medline (1946 to present), Embase (1974 to present), and Biosis (1995 to present). There were no language restrictions in terms of article or type of publication. The reference of key English articles retrieved was manually searched concerning for potential relevant publication.
Selection criteria
Two authors (YY and LYY) screened the retrieved articles according to the following criteria to exclude irrelevant studies by scanning the title and abstracts: 
Data extraction
Two authors (YY and YLY) independently read the full text to decide the selective studies according to the inclusion and exclusion criteria. The parameters for the extraction of raw data were as follows: title, main authors, year of publication, the dose and type of LAs, the dose and type of adjuncts added to LAs, the dose and type of postoperative rescue analgesia, and outcomes. Then, the primary and secondary outcomes were extracted: first time to rescue analgesia, the total number of requirements of rescue analgesia, sedation score, and the incidence of PONV. The reviewer tried to contact the authors of included studies for raw data if the continuous data were not represented as mean and SD; if the authors failed to reply, data were changed by algorithms. 6 For statistical analysis, outcomes were entered into RevMan 5.3 provided by the Cochrane collaboration. Any differences at any stage were resolved by consulting a third author (WSZ).
Definition of relevant outcome data
The duration of postoperative analgesia, the number of patients requiring rescue analgesia, and the total number of postoperative rescue requirements were defined as the time from neuraxial injection until the first requirement for rescue analgesia, which was the most important primary outcome. Pain assessment was performed by a different score system; however, the pain threshold could be considered to be equivalent according to a recent Cochrane review. 7 
Critical appraisal
Two authors (YY and LYY) performed the critical appraisal by the Cochrane risk-of-bias tool. The standards for appraisal were classified as low risk, unclear, and high risk considering the following: random allocation, concealment, blinding of participants and outcome assessment, incomplete outcome, selective reporting, and other bias. The quality of evidences was evaluated by the GradePro version 3.6.1.
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Statistical analyses
The duration of postoperative analgesia was calculated by standard mean differences (SMDs) with different scale (minute versus hour), mean differences (MDs) with the same scale, and associated 95% CI in the random-effects model. The relative risk (RR) and its 95% CI were calculated for dichotomous data in the fixed-effects model without heterogeneity. Statistical heterogeneity was calculated by I 2 test, and if the I 2 -value was more than 30%, a random-effects model was adopted for pooling results. To further investigate the sensitivity and heterogeneity, subgroup analysis was applied for categorical and dichotomous data, while meta-regression was performed for continuous data; the meta-regression analysis was conducted in stata14.0 (IBM Corporation, Armonk, NY, USA). Sensitivity analysis was performed by evaluating the methodical quality of included studies (low risk, unclear, and high risk). Potential publication biases were assessed by using the funnel plot analysis.
Results
As shown in Figure 1 , a total of 246 studies were identified as relevant studies; then, 104 studies were excluded for duplication. After further screening for titles and abstracts, 116 studies were eliminated as they did not meet the inclusion criteria; subsequently, 26 articles were selected for further full-text analysis. Finally, 15 studies with randomized controlled trial (RCT) design that investigated 961 children in total were included in this meta-analysis; of these, 14 studies investigated the efficacy of caudal block, while only one study used spinal anesthesia. The characteristics of all included studies are presented in Table 1 . Among all studies, pediatric patients undergoing urogenital, perineal, lower limb, and upper and infra-umbilical surgeries were randomly assigned to either clonidine or other adjunct group. Bupivacaine was used in 12 articles (0.166%, 0.2%, and 0.25%), of which only one study using 0.25% bupivacaine mixed with 1% lidocaine; in addition, ropivacaine was used in three studies in our research. Additives added in control groups were as follows: six studies with fentanyl, two studies with ketamine, two studies with morphine, one study with hydromorphone, one study with neostigmine, one study with s-ketamine, one study with midazolam, one study with dexmedetomidine, and one study with dexamethasone. The induction and maintenance of anesthesia were performed by inhalational anesthetics in 12 studies, while two studies used induction with propofol, one with thiopental, and only one study used either volatile anesthetic or propofol. Clonidine was applied in four doses (1, 1.5, 2, and 3 mg/kg) with a common dose of 1 or 2 mg/kg throughout all studies.
Two authors (YY and YLY) discussed the risks of bias in all the included studies as being low risk, unclear, and high risk. Six studies presented unclear risk as they did not show the method of generating randomization and allocation concealment, and one study presented high risk as single blinding was performed on children only.
Duration of postoperative analgesia
A total of 15 studies included 961 patients reported the duration of postoperative analgesia, of which three studies were reported as median and CI, meanwhile one study defined the time as administration of drug (induction or block) on the Face, Legs, Activity, Cry, Consolability (FLACC) scale as >4, meanwhile one study was excluded at this stage because the definition of postoperative analgesia in which included the time of performing anesthesia. The duration of postoperative analgesia was prolonged in the clonidine group with significant heterogeneity (p=0.0005, I 2 =96%; Figure 2) ; therefore, subgroup analysis was performed to analyze the differences between groups, including type of LAs or other adjuncts, dosage of clonidine, and addition of epinephrine. However, effects varied and the mentioned subgroups did not demonstrate stratification for the high heterogeneity: in the subgroup of clonidine dosage, 1 mg/kg clonidine addicted to LAs showed a longer analgesic time than other doses (p=0.02, I 2 =96%). As only one study included added epinephrine to LA in both groups, the result only showed a high heterogeneity in the group without epinephrine (p=0.004, I 2 =95%). In the subgroup analyses, different types of adjuncts compared with the clonidine, fentanyl, and ketamine groups showed shorter duration of analgesia, and pooling results showed a prolonged time in the clonidine group (p<0.0001, I 2 =95%). The subgroup analysis of different LAs showed that ropivacaine had a longer analgesic duration than bupivacaine (p=0.0005, I 2 = 99%). Despite using meta-regression, we were still unable to determine the relationship between duration of postoperative analgesia and subgroup stratification. Thus, clonidine could provide longer duration of postoperative analgesia; however, the effects of clonidine varied significantly, and the factors we hypothesized earlier could not explain the heterogeneity.
Number of patients requiring rescue analgesia
Four studies including 181 patients reported on the number of rescue analgesia required. The results showed that clonidine, as compared with other adjuncts, had no statistical significance on the analgesia required (p=0.06, I 2 =78; Figure 3 ). Owing to the high I 2 , a subgroup analysis was performed according to the use of epinephrine, demonstrating the RR of 0.001 between the clonidine group and other adjunct group when added without epinephrine (p=0.003, I 2 =0). In the subgroup of adjuncts with epinephrine, there was still high heterogeneity in the two studies included, which may be the sake of LAs used, as Constant et al 8 used lidocaine plus bupivacaine, while Fernandes et al 9 used only bupivacaine.
Total number of postoperative rescue requirements
Three studies reported the number of postoperative analgesia, as the results were only number without SD, instead of a pooled analysis; the description with p-value is presented in Table 2 . Compared with clonidine, the ketamine group represented equivalent requirements with no statistical significance, while the morphine group required less rescue analgesia with metamizol, and the midazolam group required more rescue analgesia.
Duration of motor block
Two studies reporting the duration of motor block, defined as the time interval from caudal block to the first spontaneous movements of leg, showed that a longer regression of motor block was observed with the use of clonidine (MD=0.55, p<0.00001, I 2 =0; Figure 4 ).
Studies excluded for:
Included study (n=15)
Studies excluded for:
Duplicates removed (n=104)
PubMed (n=76) 246 records through database searching Embase (n=117)
Cochrane Library (53)
Titles and abstracts screened (n=142)
Full-text screened (n=26)
• Brief reports or abstracts only (n=4)
• Irrelevant studies (n=16)
• Cases, letter (n=4)
• Not clonidine versus other adjuncts in neuraxial block (n=44)
• Not RCTs (n=4)
• Reviews, meta-analysis (n=48)
• Continuous neuraxial block (n=2)
• Clonidine versus fenatanyl (n=5)
• Clonidine versus ketamine (n=1)
• Clonidine versus ketamine versus fentanyl (n=1)
• Clonidine versus morphine (n=2)
• Clonidine versus hydromophine (n=1)
• Clonidine versus neostigmine (n=1)
• Clonidine versus s-ketamine (n=1)
• Clonidine versus dexmedetomidine (n=1)
• Clonidine versus midazolam (n=1)
• Clonidine versus dexamethasone (n=1)
• Without accessable data (n=5) 
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Adverse effects
With respect to adverse effects in both the clonidine and other adjunct groups, the most common was PONV, reported in 15 studies (RR of 0.49 was higher in the clonidine group; p<0.00001, I 2 =0; Figure 5 ). Bradycardia was reported in nine studies, with two patients in the clonidine group, three patients in the midazolam group, and two patients in the dexamethasone group, and a lower RR of 0.78 was observed in patients using clonidine (p=0.72, I 2 =26%). Hypotension was found in eight studies, while two studies only represented hypotension with a relatively lower RR in the clonidine group (RR=0.43, p=0.37, I 2 =0). Urinary retention was examined 9 Paul et al, 2010 12 Singh et al, 2012 28 Singh et al, 2012 28 Singh et al, 2011 29 Ahuja et al, 2015 19 Study or subgroup Mean 23 Khatavkar et al, 2016 24 Ribeiro et al, 2011 25 Sanwatsarkar et al, 2017 26 Shukla et al, 2011 27 Sinha et al, 2016 30 Total (95% CI) 
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Clonidine versus other adjuncts to LAs for pediatric neuraxial blocks in seven studies and found in three out of the seven studies, and a lower RR of 0.21 was seen in the clonidine group (p=0.09, I 2 =0). Respiratory depression, defined as peripheral capillary oxygen saturation (SpO 2 )<95%, was assessed in 12 studies while only one study of 12 studies found. Moreover, one patient in the midazolam and clonidine groups suffered from respiratory depression. Pruritus was assessed in five studies, two of which documented the occurrence of pruritus as an adverse event, and the incidence of the clonidine group showed a lower RR of 0.43 (p=0.37, I
2 =0). One study assessed hallucination, while another one assessed neurological impairment, and no patient was found with the mentioned adverse effects.
Meta-regression analysis
A large heterogeneity was found in the duration of postoperative analgesia indicating the existence of study characteristics influencing this variance. Thus, we performed a meta-regression analysis to assess the predictive effect of country, age range, concealment, type of adjuncts, dose range of clonidine, and type of LAs. No parameter was found to have a significant relation with the high heterogeneity in the duration of postoperative analgesia.
Grade quality
The sensitivity of the study was assessed by GradePro (Table 3) . Paul et al, 2010 12 Singh et al, 2012 28 Singh et al, 2012 28 Singh et al, 2011 JamaLi et al, 1994 23 Khatavkar et al, 2016 24 Ribeiro et al, 2011 25 Sanwatsarkar et al, 2017 26 Shukla et al, 2011 27 Study or subgroup events Abbreviations: LAs, local anesthetics; MD, mean difference; PONV, postoperative nausea and vomiting; RR, risk ratio.
Discussion
Our systematic review included 15 studies of 961 pediatric patients, wherein we assessed the efficacy and adverse effect between clonidine and other adjuncts added to LAs in neuraxial anesthesia. A longer duration of postoperative analgesia, less number of patients requiring rescue analgesia, and longer regression time of motor block were demonstrated in patients using clonidine. The total number of analgesic requirements in the clonidine group was similar to the ketamine group, while the morphine group reported less, and the midazolam group needs more. In addition, the incidences of adverse effects were relatively lower in the clonidine group, except in the case of a longer motor block.
Efficacy effect
Clonidine, with the effects of lengthening duration of analgesia, providing better sedation and a lower incidence of PONV has been investigated in a large number of clinical trials and meta-analyses. 10, 11 However, the assessments of efficacy and adverse effects between clonidine and other adjuncts have been controversial. Popping et al 11 showed that clonidine can improve the duration of postoperative analgesia only when added into intermediate-acting LAs, implying that the analgesic effects of clonidine with long-acting LAs (such as bupivacaine and ropivacaine) were not superior to using LAs alone. However, our meta-analysis revealed the contrary, in that clonidine could improve the efficacy of long-acting LAs. Paul et al 12 found that patients in the clonidine group showed a significant longer analgesic duration than those in the bupivacaine group alone and a lesser duration than those in the neostigmine group. Fernandes et al 9 reported that clonidine and morphine had a similar effect on the duration of postoperative analgesia, while the number of patients requiring rescue analgesia was higher in the clonidine group, with a low incidence of adverse effects.
We found that the SMD of the duration of postoperative analgesia showed that 1-3 mg/kg clonidine provided longer duration than other adjuncts, while the number of patients requiring rescue analgesia was lower in the clonidine group without epinephrine. The total number of postoperative rescue analgesic administration in the clonidine group was higher than the morphine group, and an equivalent effect was found when compared with ketamine, while lower requirements were investigated when compared with the midazolam group in the current review. In addition, motor block was observed in two studies comparing clonidine with fentanyl, wherein an MD of 0.55 h was assessed in the clonidine group indicating that clonidine, compared with opioids as an adjunct to LA, provides a slightly longer duration of motor block in neuraxial block.
Adverse effects
In our meta-analysis, PONV was the most common adverse effect encountered in the included studies, and a lower RR of 0.49 was observed in the clonidine group indicating a lower incidence of PONV than other adjuncts currently applied to LAs (Figure 3) . Bradycardia was observed in seven out of 421 patients altogether, and a lower RR of 0.78 was assessed in the clonidine group, as was observed in Ansermino et al's report that a high dose of clonidine (5 mg/kg) was associated with increasing severity of sedation and incidence of cardiovascular side effects. 13 In eight studies that investigate on the incidence of hypotension, there were one, three, and one occurrence of hypotension in patients in the clonidine, fentanyl, and midazolam groups, respectively, and showed a lower RR of 0.43 in the clonidine group. Only one in 12 studies mentioned respiratory depression that was found in one patient in the 1 µg/kg clonidine group and one in the midazolam group, as was demonstrated in studies of preterm infants and neonates, that clonidine may increase the incidence of respiratory depression. 14, 15 Pruritus was observed in patients using clonidine, eight patients each in the morphine, ketamine, dexmedetomidine, and fentanyl groups, while the incidence was relatively high in the morphine group. Seven studies recorded the incidence of urinary retention; no patients in the clonidine group had urinary retention, while five patients in the ketamine and opioid groups did. There was only one study that reported that one child in the 1 µg/kg clonidine group and two children in the s-ketamine group suffered from hallucination. Although ketamine was considered neurotoxic, 16 no included studies recorded any neurological impairment in our meta-analysis. In short, compared with other adjuncts, clonidine has a relatively higher safety margin with regard to adverse effects, which has been confirmed by an accidental 100-fold overdosing trial without any major adverse effect. 17 There was high heterogeneity in our meta-analysis concerning the duration of postoperative analgesia between clonidine and other adjuncts; the possible reasons for which were a combination of various doses of clonidine, addition of epinephrine, different pharmacology of other adjuncts, and diverse duration of LAs. Although Dobereiner et al 18 have demonstrated that bupivacaine, levobupivacaine, and ropivacaine had equivalent efficacy when used in comparable doses, the heterogeneity between LAs could not be ignored. The studies in our meta-analysis were complex as presented because disparate types of combinations and single-factor subgroup analyses seem insufficient to explain this extremely high heterogeneity. Thus, we conducted a meta-regression to find the possible cause. However, the factors we hypothesized before could not explain the heterogeneity either.
Limitations
The limitations of our review are mainly owing to the methodological issues. First, high heterogeneity was not found in our meta-analysis. As such, the results evaluating the efficacy and adverse effects of clonidine versus other adjuncts may be influenced. Second, although we initially classified patients as those who underwent caudal, spinal, and epidural anesthesia, the patients with accessed data in our study were all finally under caudal anesthesia. Thus, the results could only demonstrate the efficacy and adverse effect of clonidine in caudal block, and hence, further studies are needed. Third, as the pain assessments in our meta-analysis varied, although a Cochrane review considering different assessments could be recognized as equivalent in terms of pain, the observer between parents and medical personnel may still influence the results.
Conclusion
Our meta-analysis and meta-regression suggested that clonidine, when compared with other adjuncts in neuraxial block, demonstrated a prolonged duration of postoperative analgesia with a lowered incidence of adverse effects. However, these results were limited by the high heterogeneity. Further largescale, multicenter, prospective, double-blinded RCTs are needed to validate our results.
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